The disease
The term retinitis pigmentosa (RP) encompasses a group of hereditary retinal dystrophies responsible for similar ophthalmoscopic appearances and symptomatology. Characteristically, there is bone spicule pigmentation of the retina, retinal vessels are attenuated, and there is waxy pallor ofthe optic disc. Associated with the retinal pathology there may also be cataract formation. The classical early symptom is 'night-blindness' and as the disease progresses there is encroachment on the visual field from the midperiphery. RP may be inherited in the autosomal dominant, autosomal recessive or X-linked modes, but in a large proportion of cases there is no demonstrable mode of inheritance. The disease processes primarily affect rods although cones are also affected. RP affects approximately 1-2 in 5000 of the UK population! and because of the normal life-expectancy of affected individuals, is a cause of considerable morbidity.
Retinal physiology
In the normal eye the photoreceptor layer and the retinal pigment epithelium (RPE) lie adjacent to one another, and it has been shown that the RPE is intimately involved in the maintenance of photoreceptors. Nutrients pass from the blood supply ofthe choriocapillaris via Bruch's membrane and the RPE to the photoreceptor inner segments. Passing in the other direction, effete rod outer segment (ROS) discs, shed in a diurnal cycle, are lysed within phagosomes in the RPE and the lytic products are then passed to the choriocapillaris. With age, lipofuscin granules accumulate within the RPE and these are believed to be the products of incomplete disc degradation.
The evidence accrued so far indicates that it is likely that the pathogenesis of RP involves disruption ofthis normal physiology with a consequent failure of photoreceptor maintenance.
In the process of disease the constitution and distribution of retinal pigments becomes disturbed. The RPE normally contains three main types of pigment:
(1) Melanin granules -synthesized during a short period of embryogenesis, and remaining with the individual for life. (2) Lipofuscin granules (see above) -products of incomplete degradation of ROS discs. Research This is a difficult area in which to perform research, and progress is limited by several factors. RP is heterogeneous and may be the result of a number of different mechanisms of disease caused by multiple gene defects. Sufferers from RP have normal lifeexpectancy, and so postmortem tissue specimens tend to be representative of end-stage disease and are difficult to come by. These problems may be alleviated to some extent by the use of animal models. However, these are all transmitted in the autosomal recessive mode and it is not clear just how relevant such models are.
Retinal histopathology
There have been several ultrastructural studies of human RP tissue and some material from young donors has been examined. These studies show a breakdown in normal photoreceptor maintenance primarily affecting rods with loss and distortion of photoreceptors and changes in the RPE.
In advanced disease" rods may be completely absent, and the cone population considerably reduced and affected by degeneration. More advanced cone degeneration is seen in the perifovea as compared with the fovea. The outer segments are absent or truncated and the nuclei are enlarged. Pigment epithelial cells under remaining cones are enlarged with apically displaced nuclei and contain large numbers of melanolysosomes, while those cells anterior to the perifovea become flattened and do not contain melanolysosomes.
In specimens from younger individuals', surviving rods may be found but these are already in advanced stages of degeneration. In one such individual the choriocapillaris has been shown to be normal making it unlikely that the disease results from any defect there", These findings probably indicate a breakdown in the normal interactions of the photoreceptors and the RPE with failure to maintain the photoreceptors. However, it is difficult to assign the primary defect to one or other of these two cell layers.
Studies of animal models reveal a similar picture. One study" carried out on chimeric RCS rats indicates the primary source of disease as the RPE. The chimeric rats have both normal and abnormal RPE cells. However, it can be seen that degenerative photoreceptors only overlie abnormal RPE and overlie all such areas. No degenerative photoreceptors overlie areas of normal RPE. These findings indicate that in RCS rats abnormal gene expression in the RPE is responsible for photoreceptor degeneration.
Biochemistry
Much effort has been put into trying to identify a biochemical basis for RP, and some leads may have been identified. However, clear biochemical disease mechanisms to account for the majority of RP have not yet been found. This amino acid is in high concentration in the retinas of many species studied including man. Deficiency has been shown to lead to retinal degeneration in cats with a gradual fall in ERG amplitudes proceeding to photoreceptor cell death. Refeeding depleted animals at the earlier stages leads to ERG recovery", However, no evidence has been found to suggest that taurine levels are abnormal in RP sufferers.
Vitamin A
Deficiency in man is known to cause a variety of ocular problems including elevation of rod and cone dark adaptation thresholds leading to nightblindness. Animal studies have shown deficiency to lead to photoreceptor degeneration which is accelerated by light and vitamin E deficiency. Degeneration does not occur if depleted animals are kept in darkness", The connection with RP however, has never been substantiated and the balance of evidence suggests that RP is not related to vitamin A metabolism.
Phytanic acid
In 1946 Refsum recognized the clinical associations of peripheral neuropathy, ataxia, and RP (among others) in what is now known as Refsurn's syndrome. The biochemical basis of this was shown to be a build-up of phytanic acid in the body resulting from an inborn error or metabolism. It has since been shown that some of the parameters of disease may be improved by lowering of serum phytanic acid levels by dietary means 7 • However, the exact mechanism by which RP occurs in these patients is not yet understood.
Cyclic nucleotide metabolism
Cyclic guanosine 3/ 5/ monophosphate (cGMP) is involved in visual transduction, and the enzymes associated with its metabolism are concentrated almost exclusively in the visual cell layer of the retina. In three animal models abnormalities of cGMP metabolism have been shown to occur. In rd mice" and dystrophic Irish setter dogs? retinal cGMP levels are raised while phosphodiesterase (PDE) activity is decreased. However, PDE activity in rd mice has been shown to be present in normal quantities in predegenerative retinas, indicating that its activity is compromised in some way'", In advanced disease with photoreceptor loss both cGMP and PDE levels are low. In RCS rats-! decreased retinal cGMP levels associated with decreased PDE levels are seen. These findings may relate to the conditions of advanced disease as seen in rd mice. It has also been shown that PDE activity may be depressed by photoreceptor outer segment debris!'.
Recent work on retinal tissue from a 17-year-old autosomal dominant RP sufferer also revealed raised retinal cGMP levels'', This evidence therefore points to a possible role for cyclic nucleotide metabolism in the pathogenesis of RP and indicates the importance of work on pathological tissue from young donors who still maintain viable populations of photoreceptors.
Dopamine
It has been shown by more than one group that the depressed b wave and the lengthened implicit time of the ERG seen in Parkinsonian patients is ameliorated following Levodopa therapy-'', These findings have prompted the use of Levodopa on RP patients and some success has been reported. However, the role of dopamine in the generation of the ERG is poorly understood and its relevance to disease in outer retinal sites is difficult to explain. More work in this area is underway.
Lipid metabolism
Investigation of plasma lipids in RP sufferers have revealed some interesting results.
In one study13 working with 69 RP patients and 110 controls it was found that 73% of male patients over 35 years of age were hyperlipidaemic compared with 27% of controls. However, hyperlipidaemia was not more common among female patients than controls. A few cases were found to have low cholesterol levels, particularly three siblings with albipunctate retinal dystrophy, and low docosahexaenoic acid levels were seen in patients from two large X-linked families and one small autosomal dominant family when compared with normal male relatives. No significant difference was found in plasma fatty acid levels.
Other studies have confirmed some of these findings although another!' failed to find a difference in lipid levels between patients from a smaller autosomal dominant family and controls.
It seems therefore that abnormalities of lipid metabolism do occur in certain RP diseases and that the pattern of abnormality may relate to specific disease entities within the RP group.
Immunology
Autoimmune activity has been found to be associated with many diseases involving degenerative processes and work has been carried out to identify any such activity and to try to assess its role in RP.
The search for circulating antibodies to retinal antigens has shown both in animal models and human RP sufferers, that these may be present in affected individuals'<'". However, the results obtained have also shown them to be present in controls and subjects with other eye diseases.
The evidence indicates therefore that some activation of the immune system may occur in association with the degenerative process. However, this low-grade immune response would seem to be a secondary phenomenon, occurring as previously sequestered antigenic materials become exposed during degeneration. It is possible that such activity may contribute to prolongation or progression of the disease although the pathological significance is open to question.
Tissue culture studies One way of overcoming problems of shortage of pathological tissues for laboratory studies is to grow these tissues in cell culture, so providing renewable sources of material. Much work has been done on cell cultures of RPE from normal and dystrophic donors". However, cell culture of photoreceptors has proved to be difficult to set up. Although there has been limited success in this area", no self-propagating cultures have yet been grown.
It is difficult to be sure how relevant cell culture material is as the morphology of the cells changes with successive generations and so possibly may their behaviour under experimental conditions. This may signify alterations of the genetic constitution with or without changes in gene expression.
RPE cell culture
Cultures have been made from both normal and dystrophic human and animal tissues. Work with human cells'" has shown that all primary cultures may be repeatedly subcultured although only a finite number of passages is possible before the cells cease to divide. Cells may be stored in liquid nitrogen at any stage and dystrophic human material is usually frozen between second and third passages to minimize dedifferentiation.
Certain changes may be seen to occur in the morphology and ultrastructure of cultured RPE cells. They increase in size, have large basal nuclei with reduced cytoplasmic organelles but retain apical microvilli. There is progressive depigmentation as melanin and lipofuscin granules are distributed among successive generations of daughter cells, and a loss of tight junctions and partial or complete loss of basal invaginations.
Phagocytosis
The process of phagocytosis of ROS by RPE cells is important as it may give some indication of the state of interaction between photoreceptors and RPE. Phagocytosis of biotic and abiotic particles has been studied using RPE cultures from animals and humans. Studies of cultures of RCS rat RPE20 have shown that binding of ROS to the surfaces of RPE cells is the same in dystrophic and normal rats. However, ingestion of the ROS is deficient in the cells from dystrophic animals.
In contrast, no difference in phagocytic behaviour can be found between cells from normal and dystrophic human donors'F". Both normal and abnormal will phagocytose carbon and latex microspheres and human and animal ROS, but neither will phagocytose bacteria. An increase in apical microvilli may be seen following challenge with biotic or abiotic particles. The significance of this is not known but it can be estimated that the membrane synthesis required for ingestion of ROS is negligible in relation to total membrane production capacity.
The findings relating to RCS RPE together with the work above on rat chimeras, indicate that the RPE is the primary site of disease in RCS rats. The findings relating to human RPE on the other hand, tend to indicate that the primary site of disease is in the photoreceptors. However, care is required in interpreting these results. Each human culture relates only to one individual RP sufferer (with one particular genetic defect), and the possibility remains that cultured RPE behaves differently from RPE in vivo.
Molecular biology
The most fundamental feature of any genetic disease is the gene sequence which causes it. With recent advances in molecular biology it has now become possible to investigate disease at this level and to identify such sequences. Such knowledge introduces a number of practical options: (1) Production of gene probes for antenatal diagnosis. (2) Therapeutic advances based on a knowledge of the biochemistry regulated by the relevant genets). Mutations may take a number of forms: (1) Point mutation (2) Deletion/duplication (3) Dosage effects, e.g. multiple copies of genes as in trisomy 21 Confusingly from the researcher's point of view and with particular relevance to RP, many different mutations may give rise to the same phenotypic disease. The heterogeneous nature of RP and the fact that this disease state in man undoubtedly arises as a result of multiple gene defects, makes the job ofthe molecular biologist difficult. However, to identify one such defect would be a great step.
Perhaps the first significant finding so far in this field has been the L 1.28 gene probe'". This is an anonymous DNA fragment which maps on the Xchromosome in a region approximately 3000 kilobase pairs from the X-linked RP locus. This probe is close enough to the locus to be useful for carrier detection and early diagnosis but is still a long way off in terms of identification of the abnormal gene(s). More recently further DNA linkage studies 22 have produced evidence of more than one locus for X-linked RP.
It is possible to look on molecular biology as a panacea, but although genetic information must contain the basis of disease, it must be remembered that even now the work may be extremely difficult in a jungle of multiple mutations, and that even full knowledge may not necessarily yield useful practical results. For example, sickle cell anaemia has now been fully understood on a molecular level for some years, yet still little use of this detailed knowledge can be made on a therapeutic level. The development of the science has a long way to go, and in particular full understanding of control of gene expression is likely to reveal great complexity.
Discussion
The positive findings relevant to RP so far elucidated hardly reflect the amount of work which has been put in. The reasons for this lie in the inherent difficulties associated with research in this field. It is difficult to design aggressive studies aimed directly at the mechanism of disease without stumbling over the problems posed by limited availability of pathological tissue. With relevance to this, however, it should be remembered that non-retinal disease does occur (e.g, cataract formation), and it may be that systemic metabolic defects do exist. This would seem to be the case with lipid metabolism in some RP families. It should also be remembered that the causative genetic defects are present in every cell in the body (except perhaps gametes), although targeting of this relevant DNA is still difficult. The implication therefore, is that it may be possible to learn a great deal about RP, including the gene sequences which cause it, by examining non-retinal tissues e.g. blood, if only the correct starting points can be found.
Having said that, it is clear that at this stage, it is still vitally important to work on pathological retinal tissue. The most elusive elements in this category are the pathological photoreceptors. These as already mentioned are more or less absent from the retinas of RP donors with advanced disease, and have not so far been amenable to cell culture techniques in any useful way. The opportunities to study abnormal photoreceptors therefore rest with animal studies or the occasional availability of retinal tissues from young RP donors. It is important to study photo-receptors before as well as during degeneration. In more advanced disease secondary phenomena may obscure primary abnormalities. Further options may become available ifretinal biopsy techniques improve although at present these cannot be sanctioned.
Speculation on which avenues of research will in the end be most successful is impossible at this stage. However, it would appear at present, that the most positive areas of research are those investigating cyclic nucleotide metabolism, lipid metabolism, and molecular biology. To suggest that these are the only important areas of work, however, would be incorrect, as the state of knowledge is at present so limited, and the perspective may change very rapidly.
In summary therefore, some of the achievements so far include good ultrastructural analysis of diseased tissues, identification of some apparently relevant biochemical abnormalities with elimination of some less relevant theories, and the finding of the first clues towards the underlying gene defects. As the research effort into RP grows internationally it is hoped that some substantial progress into the understanding of these diseases will be made in the near future.
